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Astronauts Appreciated Timely and Accurate
Thermal Modeling

Battery No. 2 Temperature

Dust Coverage Degradation Effects Modeled
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% LUROVA™ Thermal Modeling for TFAWS -

O

B

2006 — Presented Apollo Lunar Roving Vehicle mission performance and lessons
learned, and introduced Rover mission support thermal models

— Thermal models originally planned for CD to accompany retrospective book

— 19 Node model then used for NASA Nightrover Power Storage Challenge

2014 — 181 node SINDA thermal model updated with render engine provided
external surfaces for radiation conductors and solar heating

— Conductors and solar heating needed to add to
historical SINDA model nodes listing

— 911,509 poster polygons reduced to 7805 polygons
for TRASYS surface modeling

2017 — LUROVA™ thermal model incorporated in a
Science, Technology, Engineering, and Mathematics (STEM) simulation
game for interactive student challenge and Moon exploration experience

— Trademark purchased for LUROVA™ Simulation Game

— Initial game structure contributed by Computer Science associate professor and
students at the University of Alabama in Huntsville (UAH)

— Exploration realism is improved by interactive use of actual lunar terrain data
collected since 2009 by NASA Lunar Reconnaissance Orbiter (LRO) spacecraft
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“Simulation Game = Attempt to copy various activities from real life in

the form of a game for education, training, analysis, or prediction.”

LUnar ROVing Adventure - LUROVA ™ ~ [
“Edutainment” Simulation

.45’,.‘).

Adventurer Plans, ,and

Science Traverses to Meet Mission Goals
Score is Based on Ability

to Meet Driving Goals and Match Power

and Thermal Predictions.

Lunar Reconnaissance Orbiter (LRO) Collecting
0.5 Meter Resolution Terrain Data Since 2009
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LUROVA™ STEM Simulation Game Provides

Apollo Mission Support Thermal Model with

High Resolution Surface Model and
LRO Terrain Data

Variable Planning and Preparation for Mission
Timing, Location, and Rover Configuration
Hand Controller for Driving and Steering
Battery Power Usage and Solar Heating
Component Failures and Cooldown Dust Effects
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LRO Terrain Data for Apollo 17
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Adventurer Plans and Executes Exploration Traverses, and Views:

- Computed Position, Heading, Speed, Slope, Power, and Temperature Results
LUROVA™

Adventurer Deploys Rover e . >
Adventurer Activates Rover
from Lunar Module (LM) v Switches and Uses Hand
and Loads Equipment 2 S e ’ Controller for Driving

LUROVA™

Adventurer Drives Rover
to Pre-planned Station
Stops for Exploration

and Sample Collections
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msfc/lurova_unfold-slide_49.mov

ANALYSIS WORKSHOP

« Simulation Game Thermal Model Increases STEM Exploration Realism
— SINDA Provides Responsive Thermal Programming

“NSTART” = 0 (Initial)
MISSION and EVA

Set Initial LUNATION TIME, DRIVING

Location, Battery Charge Status,

and Component Temperatures

INPUT.DAT with Updated:
LUNATION TIME, HEADING, SPEED, SLOPE,
LATITUDE and LONGITUDE,

ACTIVE MOTORS, STEERING,
SIMULATION and BATTERY STATUS,
NAVIGATION and LCRU STATUS,
MELTED WAX and WARNING STATUS
Previous TEMPS.DAT File

“NSTART” = 1 (Later)

TEMPS.DAT File NODE and MOON Temperatures for

New TEMPS.DAT File for Plotting and
INPUT DAT* . New LUNATION TIME DRlVlNG.EXE
BATTERY, MOTORS, STEERING, (THERMAL MODEL)
NAVIGATION and LCRU,
WAX, and WARNING STATUS, \
SOLAR LONGITUDE, ELEVATION,
and AZIMUTH SINDA Model - 181 Nodes
* INPUT.DAT File Contents: “Operations” Logic,
NSTART, MISSION, NEVA, TIME, ALAT, ALON, HEDG, SPEED, SLOPE, Solar Heatine Calls in
MOTORS, NSTEER, NBAT1, B1AH, NBAT2, B2AH, NAV, LCRU, DWML, SWML, ALP, orartealing -atis
NWARNB1, NWARNB2, NWARNLF, NWARNRF, NWARNLR, NWARNRR, SL, EL, AL, TM Variables 07, and
(I-N for Integers, and A-H and O-Z for Real Numbers) Subroutines for Sun Angles,
[ALP = Radiator Solar Absorptance for Separate COOLDOWN.EXE] Moon Temp, :
Internal/External Heating,
Wax Melt Status
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ANALYSIS WORKSHOP

« Simulated Operation During Driving & Cooldown Periods Verified

LRV Component Temperature Limits — Deg. F

Electronics

Moblitty
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Astronauts Read Temperature On Display Panel - * Batteries ** Traction Drive (Start At 200)
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LUROVA™ Thermal Model - Driving and Cooldown Verification
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A Future Plans for the LUROVA™ Simulation Game NE{S'A

* Finish Interactive LUROVA™ STEM Simulation Game Development
— Opportunities for Student “Beta Testing” and Expansion for VR, “MAROVA”

Location (Lat./Long.)
Config./Timeline
Sun Elev,, Heading,
Power Level, and

Temperatures

- Interactive LUROVA™ Process
<4 Data Flow

Accomplished thus far Overtemp

Warnings
for Batteries
PREPARE and Motors

To be done

POST TRAVERSE
Battery Power,
Temperatures,
Total Distance

Readouts
PERFORM

Display and
Control Console

Detailed Lunar Module (LM) and Folded Rover
Surface Model (328,607 Polygons) also available for Analysis

* - Terrain Maps for Moon Frontside Missions (Apollo 15, 16, and 17)
and planned Backside Mission (Apollo 18)
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LUROVA™ Poster and Demonstration for Attendees

ANALYSIS WORKSHOP

Interactive LUROVA™ (LUnar ROVing Adventures) Simulation Game Being Developed
for Realistic Student STEM Challenge and Moon Exploration Experience

(Contact Ron Creel, Apollo Lunar Roving Vehicle Team Member, at roving.ron@gmail.com for additional technical information)
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Lunar Reconnaissance Orbiter (LRO)
Collecting Terrain Data Since 2009

STEM Simulation Game
Provides Thermal Model with
Variable Planning/Preparation,
Mission Timing/Location,
Rover Configuration and
Power, Driving and Steering,
Solar Heating, and Component
Cooldown Dust Effects

181 Node SINDA Thermal Model Combined with  m)
~7800 Reduced Polygon Surfaces TRASYS Model and  w==)
LRO Terrain Data for Exploration Realism in LUROVA™ s

Render Engine Used for Poster, with ,
Over 900,000 Surface Model Polygons
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